TECHNICAL NOTES

USDA-Natural Resources Conservation Service
Boise, Idaho

TN BIOLOGY NO. 24 April, 1998

The attached technical note provides guidelines on how instream
structures should be installed to provide fish passage.

The publication was developed by the Idaho Department of Lands.

File this in the Biology section of the Technical Notes, Section
VI of the Technical Guide.
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Under the Idaho Forest Practices Act and the
Stream Channel Protection Act, all stream cross-

passage. Unfortunately, few guidelines exist that

“describe how stream crossings should be installed
so they do not inhibit fish passage. As a result,
numerous crossings have been built that either block
or delay fish passage. This Forester Fo-

 ings on fish bearing streams must provide for fish
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FISH PASSAGE GUIDELINES
WHEN INSTALLING STREAM CROSSINGS

exceed the swimming ability of fish for more than
a 48 hour period during fish migration (see Figure
1).

No drop into a culvert’s entrance (inlet)-will be -
permitted.

A maximum drop of 1 foot is permitted from a
culvert’s outlet when a holding pool is provided.

rum provides guidelines that will help in-
dividuals design and install stream cross-
ings that will not impede or delay fish
passage. These guidelines were devel-
opzd in cooperation with the Idaho De-
partments of Fish and Game and Water
Resources.

Minimum Requirements by Law

Currently, the only specific guidelines on
how stream crossings should be installed

* to provide fish passage are found in
Idaho’s Stream Channel Alteration
Rules. These rules state that in streams
where fish passage is of concern, the fol-
lowing provisions must be complied with
to insure that passage will not be pre-

vented by a proposed crossing.

1. Minimum water depths shall notbe
less than 3 inches during fish mi-
gration.

2. Maximum water velocities shall not

\
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These provision, although specific in nature, do not
clearly indicate how a stream crossing must be installed
to provide unrestricted fish passage. The following sec-
tion discusses and depicts various stream crossing al-
temnatives including how they should be installed to pro-
vide unrestricted fish passage.

Choosing and Installing an Appropriate Stream
Crossing that Provides Fish Passage

When designing a crossing that provides fish passage,
the fish species present, the life stages to be impacted
and the timing of their migrations must all be consid-
ered (see Table 2 for timing of fish migrations). Fish
. passage designs should be based upon the weakest
" species or life stage present. On occasions fish pas-
sage miay be designed to protect important fish popu-
lations by preventing upstream invasions of an undes-
ired species (e.g. brook trout in bull trout habitat). If
necessary, consulta fish blOlOg]St for additional fisher-
ies information.

Stream crossing alternatives include various culvert de-
signs, bottomless arches, fords and bridges. These al-
ternatives vary in their ability to pass fish, cost, durabil-
ity, and ease of installation and maintenance. Table 1
and Figure 2 discuss and depict these alternatives and
can be used as a guide when planning and installing a
stream crossing to insure it provides fish passage. When
deciding which alternative to use at a proposed stream
crossing, one should consider the following steps.

1. Determine which fish species and life stages
require upstream passage and the timing of their

migrations.

2. Determine the slope of the stream channel at
the proposed crossing site.

3. Based on the stream’s slope and the fish re-

quiring passage, use Table | to determine which
type of stream crossings will allow upstream
fish migrations.

4. Taking into account cost, technical difficulty,
potential for failure, low flow problems and
maintenance needs, choose a stream crossing
that will allow fish passage at the proposed site.

5. Referto Figure 2 for culvert mstallauon instruc-
tions, if necessary.

6. Ifunfamiliar with installing any of these alterna-
tives, consult someone with experience.

As a general rule, culverts greater than 50 ft long will
cause fish passage problems for adult spring migrating
trout ( 6-12 inches) if installed at over a 0.5% gradient.
Culverts less than 50 ft long can be installed up to a
1% grade. Culverts installed at steeper grades than
this will probably have water velocities through them
for more than a 48 hour period that will exceed the
swimming ability of spring migrating fish. In certainsitu-
ations (trout > 15 inches, steelhead and salmon), a mi-
gratory run of fish may have stronger swimming abili-
ties than these guidelines were developed for. If larger
migratory fish are the weakest swimmers in a stream, a
stream crossing can be installed at a steeper gradient
than indicated above. Where upstream passage of ju-
venile fish is important to the survival of a fish popula-
tion, culverts must be installed at flatter gradients than
indicated. Consulta fish biologist if in question about
which fish passage should be provided for.

With special designs (e.g. fish ladder), culverts cér’be
installed on streams with slopes up to 7% and still pro- *
vide adult fish passage (Table 2). Stream slopes over
7% usually require a ford, bottomless type culvert or
bridge to provide fish passage. All culverts should be
installed so no drop occurs from the outlet. Ifadropis
unavoidable due to physical site limitations, it should
be kept as small as possible and never more than 1 ft.
Stream gradients at which the various alternatives can
be installed, and provide fish passage, were determined
through widely accepted formulas, published research,
and discussions with experts in the field.

Continuous (over %2 amile) stream gradients over about
15% have been found to block cutthroat trout passage
in the Coeur d’ Alene River drainage. However, fish
can flourish in streams with gradients over 20% if there
is a good step-pool configuration. Consulta fish bi-
ologist if in question about the ability-of a stream to
support fish. Streams that have sufficiently steep gra-
dients may not require fish passage at stream cross-

ings.
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FIGURE 1. Swimming capability of migrating salmon and trout (Alaskan Curve)
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A. Culvert installed at stream gradc‘

- A culvert should be selected that best fits the stream channel.
- Theresultant culvert grade should be the same as the original stream grade.

B. Culvert with Buried Inlet
(Culvert grade is less than stream grade)

- The culvert will have to be oversized in order to pass the design flow.

- The culvert’s inlet should not be buried over 2 f. or %2 the diameter, whichever is less.

- There should not be more than a 2% difference in slope between the origiral channel and that of the culvert.

- The streambed should be armored just above the culverts inlet with angular cobble or boulders to prevent
a drop from occurring into the culvert and to help prevent headcutting. Consult an experienced individual
(e.g. hydrologist) if the stream substrate is composed of silt or sand.

- Theresultant culvert grade should not exceed those specified in Alternative 1 of Table 2.

Armoring or Grade
Control Structure

/7

C. Culvert with Buried Inlet and Outlet

- Theculvert will have to be oversized in order to pass the design flow.

- For pipe-arch culverts, bury both ends at least 1-2 ft (pipe-arches are the preferred type of culvert).

- Forround pipes, both ends should be buried for 30% of the culvert’s height.

- Armoring and/or a grade control structure upstream and downstream of the culvert will minimize erosion
and help substrates remain inside the culvert.

- Itisbestto backfill inside the culvert with angular cobbles and boulders, although it will often fill naturally.

Figure 2. Details for installing various stream crossing alternatives.



D. Culvert with Inlet Buried more than Outlet

- Rules from both alternative 2 and 3 apply here.
- Theresultant slope of the culvert should not exceed 5% (3.5% for juvenile fish).
Ammoring

Grade control structure
orarmoring

E. Culvert with Backwatering (an expert’s assistance is highly recommended)

- The culvert will have to be oversized to pass the design flow.

- The drop structure (angular rock, logs or gabions) must be sized appropriately, keyed into the stream’s
banks, and excavated into the stream bottom to avoid failure.

- Place the most upstream drop structure two to three channel widths downstream from culvert outlet.

- Thedrop from the designed structure should not be > 1 f. If the drop is>> 1 ft., a series of drop structures
should be constructed downstream to step down to the channel level in increments.

- Thisalternative is not recommended if the change in elevation between the culvert inlet and outlet is> 1.5 ft.

Bottom of inlet and top of drop struc-#
ture same elevation ! Outlet

Longitudinal Members
112" x 2” x 1/4” Steel Angle

N

F. Culvert With Detachable Fish Ladder

Cross Member
l” x 1” x 1/4” Steel Angle

Bolted or Chained

Connectnon‘* //
( 7 /#BRebar L

¢ ~ (Rock Holder)

¥~ Chain or cable upstream end
N\ torip-rap or a deadman
N

Cross members should be 4-6 fi.
apart depending on the slope of
¥ the pipe. Place 3-4 rocks up-
stream of each cross member.

Cross members should be
6-12 in. off the bottom of
the culvert depending on
the pipes diameter.

Fi_gure 2 (continued). Details for installing various stream crossing alternative.



Table2. 11ming ofmigration and spawning of salmonids in Idaho. -

Armoring:

Backfill:

TIMING OF SPAWNING
FISH SPECIES MIGRATION - TIMING OF SPAWNING
Rainbow Trout Mid Feb. — Late June Mid March — Late June
Cutthroat Trout Early March - Early July Late March — Early July
_Chinook Salmon Mid May — Late Sept. Early August - Early Oct.
Butll Trout Late May —Early Oct. Mid August - Late Oct.
Brook Trout Early July — Late Oct. Early Sept. - Late Nov.
Brown Trout Mid July — Early Jan. Late Sept. - Early Dec.
Kokanee Late July — Early Jan. Early Sept. - Early Jan.
Lake Whitefish Early Oct. - Late Jan. Early Oct. - Late Jan.
Mt. Whitefish Early Oct. —Mid Feb. Mid Oct. - Early Feb.
GLOSSARY

A layer of stone “Armor” placed on the stream bottom to protect erodible material lying
undemeath. o

Placing earth or a specified size of material in place of material removed during construc
tion, such as in a culvert or trench.

Backwatering: The rise of water level up';tream due to an obstruction or constriction in the stream

channel.

Culvert Diameter

Class: Culverts are built in certain sizes, which are classified in diameter classes. Each dlameter
class increases in six inch increments (18, 24, 30, 36, 42, 48, 54, 60, etc.).

Fill Cover ’

Height: The height of soi dplaced over the culvert, which extends from the crown of the culvert to
the top of the road surface.

FishLadder: Constructed angle iron placed into a culvert to improve fish passage.

Grade Control

Structure: A structure placed across a stream channel used to prevent the stream channel
from headcutting and used to raise upstream water levels.

Headeutting: The upstream erosion and displacement of stream bottom substrates. The stream channel
erosion will often migrate in an upstream fashion.

Inlet: Water flows into the inlet end of the culvert.

Outlet: Water flows out of the outlet end of the culvert.

Resting Pool: A pool downstream of the outlet of a culvert that is deep and flows slowly to allow fish to
rest before migrating through the culvert. If a drop occurs from the outlet of the culvert,
the resting pool should be deep enough to allow fish to make a run before it jumps.

Salmonids:  The family of fish including all trout, char, salmon and whitefish.

Substrate: Stream bottom sediments, which may include silt, sand, gravel, cobble boulder, and

bedrock.
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Undesirable conditions for passage of fish through culverts.
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